The work performed during the UCR Innovative Concepts phase I program was designed to demonstrate the chemical sensing capabilities of nano-cermet SPR bands at solid oxide fuel cell operating conditions. Key to this proposal is that the materials choice used a YSZ ceramic matrix which upon successful demonstration of this concept, will allow integration directly onto the SOFC stack. Under the Innovative Concepts Program the University at Albany Institute for Materials (UAIM)/UAlbany School of NanoSciences and NanoEngineering synthesized, analyzed and tested Pa, and Au doped YSZ nano-cermets as a function of operating temperature and target gas exposure(hydrogen, carbon monoxide and 1-dodecanethiol). During the aforementioned testing procedure the optical characteristics of the nano-cermets were monitored to determine the sensor selectivity and sensitivity.
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Executive Summary
The "Feasibility of a Stack Integrated SOFC Optical Chemical Sensor" DOE UCR Innovative Concepts program phase I award has been utilized towards the development of all-optical sensors for the detection of hydrogen, carbon monoxide and thiol compounds at operating temperatures up to 900°C. The sensing system is based on interpreting the optical properties of noble metal, gold and palladium, nanoparticles embedded in an yttrium stabilized zirconium oxide matrix (YSZ). The phase I award was leveraged for the design and implementation of two new experimental benches that include: 1)An RF magnetron sputtering system that has been used to deposit high quality films comprised of Au and Pd nanoparticles within a YSZ matrix, 2)A high temperature transmission gas cell has been designed and implemented for the in-situ monitoring of the nanocomposite film optical properties as a function of temperature and chemical exposure.
The nanocomposite films were characterized using SEM, TEM, Auger, AFM, ellipsometry and in-situ Uv-visible transmission spectroscopy. The Au based films show a strong and stable SPR band that has been used within specifically tailored films to sense either carbon monoxide or 1-dodecane thiol.
We were able to demonstrate a signal response towards 100ppm of CO at an operating temperature of 700°C, and likewise an atto-molar sensitivity towards 1-dodecane thiol under ambient exposure conditions. Furthermore a PdO/YSZ nanocomposite has also been tailored for the detection of 1-3% hydrogen in air mixtures at an operating temperature of 650°C.
The above results display a very promising set of individually tailored nanocomposite materials that have demonstrated with a high degree of specificity, the ability to detect the above target gases. Hydrogen and carbon monoxide were detected under conditions relevant to both SOFC and DOE Vision 21 research initiatives. While the nanocomposite film developed for hydrocarbon sulfur compounds requires further development for testing at elevated temperatures, it has shown a remarkable sensitivity under ambient conditions. Several publications are being drafted that outline the initial results of the phase I program and specifically include articles describing the optical, material and thermal stability properties of the Au/YSZ nanocomposites(submitting to Journal of Materials Research), along with an article describing in detail, the dielectric function of the nanocomposite as measured using ellipsometry and modeled using Maxwell-Garnett theory(Submitting to Journal of Applied Physics). Dr. Carpenter has also filed a New Technology Disclosure form so that patents can be filed which will outline and protect the sensing technology that is being developed through this DOE UCR Innovative Concepts Phase I program.
The broader impacts of these studies includes the support of a graduate student and an undergraduate research intern, nanotechnology graduate course development, and through the involvement of the UAlbany School of NanoSciences and NanoEngineering (SNN) summer intern program, the education of both undergraduate and high school students. Dr. Carpenter supervised the summer 2003 internship program which placed 23 interns within the SNN program, of which 5 were high school students. Dr Carpenter had 4 interns working in his lab in summer 2003 that included two undergraduates and one high school student working on projects related to the DOE-NETL Innovated Concepts phase I program. These internship activities will continue during 2004 and likewise we will be applying for DOE-NETL summer research internships upon acceptance of the Innovative concepts phase II proposal.
Introduction
We proposed to investigate the feasibility of an innovative chemical sensor based on monitoring the surface plasmon resonance (SPR) bands of metal nanoparticle doped Y 2 O 3 stabilized ZrO 2
(YSZ nano-cermets), as a function of fuel concentrations, impurities(CO and RS, R = hydrocarbon chain) and temperature(500-900°C). Since the SPRs of nano-cermets are directly correlated to the composition and shape of the metal particles, 1 along with the composition of the surrounding matrix 2 , the nano-cermets were tested and designed to provide real time sensory outputs for the chemicals of interest. The proposed sensor has a YSZ matrix, which is commonly used as both an electrolyte and, when doped with nickel, as an anode in SOFC 3, 4 , thus upon feasibility demonstration, integration directly into the SOFC will be possible. The The outcome of this proposal and its future phases will be the development of smart nano-cermet materials that have been tuned and tailored to display characteristic optical responses as a function of various sensing conditions. During the Innovative Concepts Phase I of this research program we have demonstrated tailor-designed nano-cermet materials with a given particle size, composition and matrix host material, that has from the initial results shown the detection of hydrogen, and CO at 700°C and through ex-situ experiments the detection of 1-dodecane thiol.
The key to the continued success of this program is that correlations found between the nanocermet characteristics (material composition, particle size, particle density and particle shape) and the optical responses to the changing sensing environment will drive the development of theoretical models (further developed in phase II of this program). This cooperative effort will allow a complete understanding of the fundamental operating parameters of these unique films.
The outcome of this work will be a library of materials with diverse physical characteristics, that produce a given change in the optical characteristics of the sample as a function of sensing environment. To increase the marketability of these nano-cermets into cost efficient chemical size and composition of the nanoparticle via various nanosphere lithography schemes. 5 The sensitivity of the SPR bands to the local environment is displayed by the reversible 100nm shifts in the SPR peak wavelength by using air, water, and methanol as the solvent material. The resulting SPR bands also showed a 3nm shift in peak wavelength per carbon atom for a variety of thiol compounds. 6 While the above work shows the feasibility of using nanoparticles and their SPR bands as chemical sensors, the material set is not ideal for the harsh conditions that we are interested in probing. Au and Ag thiol bonds have been shown to decompose and in many cases completely desorb at temperatures between 200 and 300°C and furthermore due to grain growth the nanoparticle size distribution will be unstable at elevated temperatures. 7 Although it has been demonstrated that noble metal nanoparticles exhibit significant potential in optical sensing devices, 8 embedding the nanoparticles in an appropriate matrix is believed to expand the sensing range to more severe thermal, chemical, and environmental operational conditions. 9 Most of the experimental work to date that has investigated the optical properties of embedded Au nanoparticles, has been focused on studying the non-linear optical properties of Au nanoparticles in binary oxide matrices, including aluminum oxide (Al 2 O 3 ), titanium oxide (TiO 2 ), and silicon dioxide (SiO 2 ).
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While matrices with a large refractive index, like TiO 2 , have more promising nonlinear optical characteristics, 12 the SiO 2 based system has the advantage of being more easily integrated into future silicon-based optoelectronics devices.
While our immediate target application is focussed on the detection of gas phase species within SOFC type environments or other harsh environments with temperatures between 500 and 900°C, future applications applied towards catalyst and fuel cell sulfur poisoning sensor indicators can also be realized. Sulfur poisoning of Ni doped SOFC anodes is presently a major problem with the development of reliable SOFC. Currently the only method of determining that their has been a S poisoning event is that upon a significant decrease in power output, the SOFC stack is taken apart and analyzed off-line. 13 This is clearly an area where fundamental research involving the studies of harsh environment chemical sensors will lead to broader impacts in the SOFC research and development. Likewise, the development of the nano-cermet material set will further the materials and sensor expertise that will meet objectives set forth in the DOE Vision 21 research Initiative.
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Experiment Equipment Installation
Con-focal Sputtering Chamber
Depositions were carried out in a high-vacuum capable, custom-designed, sputtering system. The system consisted of a stainless steel chamber equipped with two confocally designed "MAK" type magnetron sputtering guns, manufactured by US Incorporated. purity), both fabricated by Williams Inc. The sputtering chamber was also equipped with a shutter system that enabled complete isolation of the targets from the substrates during the initial stages of plasma formation and pre-deposition target clean-up.
Two types of substrates were employed: single crystal (100) silicon (Si) and optical quality sapphire provided by Edmund industrial Optics. In a typical deposition run, the silicon substrates were first ultrasonically cleaned prior to loading in the chamber for 5 minutes in ethanol and then in acetone to remove excess surface organic material, while the sapphire substrates were used as received. The substrates were then loaded in the sputtering chamber, and the latter was pumped down to a base pressure of ~5x10 -7 torr using a turbomolecular pump. The distance between the substrate and the YSZ and Au targets were set at, respectively 50 mm and 85 mm. Argon (99.999% purity) gas flow was then initiated at 5 sccm and co-sputtering was realized at an operating pressure of 5x10 -3 torr. Pre-deposition target clean up was performed by sputtering with the shutters closed for 60 minutes at 200W rf power for the YSZ target and for 15 min at 20W rf power for the Au target. The as-deposited films were subsequently annealed exsitu at 600, 700, 800, 900, and 1000°C for 2 hours in an Ar atmosphere. Typical sputtering and annealing conditions are summarized in Table 1 . The silicon substrates were used for thickness measurements and Auger Electron Spectroscopy (AES) analysis, while the sapphire substrates were utilized to determine the optical properties and the microstructure of the resulting nanocomposite films.
In-Situ Sensor Testing Chamber
To enable the in-situ monitoring of the nanocomposite SPR absorption bands as a function of temperature and gas exposure, we have designed and implemented a high temperature optical cell as pictured in Figure 2 . The oven allows for gas cell temperatures up to 1000°C and within its center sits the quartz cell, which has an overall length of 12" and an inner diameter of 2", with an internal volume of 600ml. The cell is composed of two parts, linked via an o-ring sealed clamp, which allows for sample introduction. The nanocomposites are deposited on sapphire samples, 1cm in diameter, and are held on the centerline of the gas cell using a Macor sample holder. Currently we are using a Xe flash lamp as the light source, which is collimated and dispersed using a monochromator. The dispersed light is then collimated and passed through the high temperature cell and is then focussed onto a silicon photodiode detector. With a pulse rate of 30Hz and allowing for signal averaging, a scan from 400nm to 800nm takes 8 minutes. Since the gas flow rate is 2000 sccm the purge time of the cell is approximately 30seconds, thus our time resolution is limited by the acquisition time of the optical assembly. The background was subtracted from the absorption spectrum by measuring the transmission properties of an asreceived sapphire substrate prior to each nanocomposite sample.
Materials Analysis/Characterization Techniques
The microstructure of the as-deposited and post-annealed YSZ-Au nanocomposite films was examined by x-ray diffraction (XRD). The x-ray diffraction patterns were derived on a Scintag XDS 2000 x-ray diffractometer using Cu K α radiation. The XRD system was equipped with a horizontal wide angle four axis goniometer with stepping motors which allowed independent or coupled θ/2θ axes motion. XRD spectra were collected in the standard θ-2θ mode with 2θ
ranging from 25° to 55° in steps of 0.03°. The collected XRD patterns were compared to the Cu where λ is the x-ray wavelength, B is the FWHM of the appropriate elemental XRD peak and θ is the diffraction angle. The elemental XRD peak was fit using a Lorentzian curve. 17 Films with thicknesses of approximately 100nm were used. Film thickness measurements employed a LEO 1550 scanning electron microscope (SEM) using a 5keV primary electron beam. The Au content was found to be approximately 10 at.% measured using a Perkin-Elmer PHI 600 Auger Electron Spectroscopy (AES) system employing a cylindrical mirror analyzer.
The primary electron beam energy was 10 keV, at 1 µA, yielding a spot size of approximately 1 µm. Relative compositional depth uniformity of the deposited YSZ-Au films can be determined within 10% relative experimental accuracy. Finally the spatial distribution of Au atoms as a function of film depth was measured by Rutherford backscattering spectroscopy (RBS) on a Dynamitron linear accelerator using a 3.0 MeV 4 He + primary ion beam.
Results and Discussion

Microstructure and Morphology as a Function of Annealing Temperature
Prior to the chemical exposure studies we have performed a detailed study on the material and optical properties of the Au SPR band as a function of the annealing temperature. Figure 3 displays typical XRD patterns for the evolution of the microstructure of YSZ-Au nanocomposite films as a function of the annealing temperature. The XRD patterns are plotted as diffraction peak intensity versus diffraction angle 2θ for the range from 25° to 55°. Two polycrystalline phases were detected, one corresponding to the tetragonal YSZ phase, and the other to face centered cubic Au phase. As can be seen in Figure 3 , the XRD peaks became sharper and more intense with higher annealing temperature, indicating an increase in the crystallinity of the YSZ matrix and a rise in the average grain size of the Au crystallites. These trends are expected and are attributed to the availability of a larger thermal energy at higher annealing temperature which drives grain coalescence, growth, and realignment.
The average Au crystallite size was calculated from the Scherrer formula 11 using the Au XRD (111) reflection. The results of this analysis are displayed in Figure 4 , which plots the average crystallite size for Au as a function of annealing temperature. In this respect, the average Au grain size exhibited a gradual rise with annealing temperature, from ~4.0 nm at 600 o C to ~9.5 nm at 900 o C. However, a marked increase of ~5.5 nm was observed as the annealing temperature was increased from 900°C to 1000°C, indicating a potential change in the underlying mechanism that drives the coalescence and regrowth of the Au nanoparticles. has been shown to be significantly lower for Au in the nanoparticle form. 19 In particular, a melting point of 900 °C was reported for 10nm silica-encapsulated Au particle. 20 Therefore, above 900 o C, it is believed that the growth of Au nanoparticles is still governed by the diffusion of Au atoms through the YSZ matrix. However, in contrast to solid state diffusion of individual Au atoms observed below 900 o C, the marked increase in Au nanoparticle size above 900°C
suggests the occurrence of Au nanoparticle growth via an Ostwald ripening process, wherein larger Au nanograins with lower interfacial curvature grow at the expense of their smaller counterparts with higher interfacial curvature, via the migration of individual Au atoms. 21 This suggestion is in agreement with previous studies on the growth mechanism of Au nanoparticles in a silica matrix.
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Optical Properties as a Function of Annealing Temperature Figure 6 shows typical absorbance spectra of Au-YSZ nanocomposite films over the wavelength region from 300 nm to 800 nm. In particular, a band due to the surface plasmon resonance (SPR)
of Au nanoparticles was observed around 600 nm. As the annealing temperature increased, the band maximum was observed to shift towards longer wavelengths and become sharper and more intense. Twice the half-width-at half-maximum (HWHM), calculated using the area under the absorbance intensity curve extending from the absorbance band maximum towards longer wavelengths, was used to determine the FWHM. This approach was necessitated by the fact that the Au 5d-6sp interband transitions, with an onset energy around 2.4 eV (517 nm), affects the shape of the absorption peak on the low wavelength side, resulting in an asymmetric peak profile. 23 It should be noted that the Mie theoretical treatment provides a straightforward and effective tool to describe the optical properties of metal nanoparticles. 24 In the Mie treatment, the interactions of electromagnetic radiation with a spherical physical system whose size is much smaller than the wavelength of the incident light are treated from first principles using Maxwell's equations, while the optical properties of the system are introduced through appropriately chosen dielectric functions. This is especially important in the case of small particles where the bulk dielectric functions are expected to have limited applicability, either due to structural changes or finite size effects such as the reduced mean free path effect. In particular, for nanoparticles with sizes smaller than or comparable to the bulk mean free path, the collisions of the conduction electron with the surface of the particle become increasingly important and result in an effective mean free path which is smaller than the bulk. For spherical particles, this reduced mean free path effect can be described by a modified Drude damping constant:
where γ b is the damping constant of the bulk conduction electrons, υ F is the Fermi velocity, R is the particle radius, and A is a coefficient which depends on the particular metal-particle/matrix system under investigation, with a value that is determined experimentally by comparison of the FWHM of the SPR band with the particle size. The magnitude of the coefficient A, is directly correlated with the degree of interaction between the metal nanoparticles and the embedding medium and thus details the corresponding nature of the metal-matrix interface. It has been shown that for Ag clusters, the presence of a SiO 2 matrix opens additional channels for the dissipation of the plasmon energy resulting in an A value higher than that of a free Ag cluster. 25 This has been attributed to chemical interface damping 26 i.e. the transfer of free electrons in unoccupied energy levels of the surrounding medium and back again, resulting in the dephasing of the collective motion of the excited free electrons. In the case where strong chemical interactions are present, chemical interface damping effects become more prominent and result in the broadening 27 or quenching of the SPR band. 28 It should be noted that for sensor development research initiatives, the characterization of the coefficient A is required for determining the sensing mechanism of a tailor designed nanocomposite material, as the target compound of interest can interact with either the embedded nanoparticle and/or with the surrounding matrix. the peak experiences a modest redshift to ~600 nm. It should be noted that by using bulk dielectric functions for Au, 31 and dielectric functions for YSZ measured by spectroscopic ellipsometry, Mie theory predicts a 595nm peak position. In this context, the marked change in the SPR band redshift up to 800°C, is an indication that the Au nanoparticles are undergoing a phase structural transition from a cluster to a bulk state. Recent work suggested that the critical size for this transition is at ~8 nm, which is in good agreement with our data. 32 It should also be noted that the Au content in the current films is rather high (~35% in volume fraction) and interactions between neighboring particles are expected. The signature of these interactions on the optical spectra would result in both a red-shift and a broadening of the SPR band, 28 while our current work displays a redshift with a corresponding narrowing of the SPR band. The modest redshift of the SPR band at temperatures above 800°C may be attributed to interactions between neighboring particles, however these interactions appear to be weak since the SPR band continues to become narrower instead of broader. Figure 9 portrays both an SEM cross section and a TEM micrograph of a typical film with 10at.
% gold in YSZ and a film thickness of 100nm. The TEM micrographs allow for Au nanoparticle sizing and by measuring 50 particles the size distribution is 4.7nm ± 0.7nm after annealing this film to 500°C for two hours. Recently, during the 3 rd quarter of this one year program, we have optimized the deposition and annealing treatments such that the SPR band has a narrower FWHM (85nm) as shown in Figure 10 . This is a vital characteristic as the limiting FWHM for single nanoparticles is 50nm 33 , a particle size distribution of this film set has not been measured with TEM, however we can conclude from the FWHM that our Au/YSZ nanocomposite has a nanoparticle size distribution that has decreased significantly. A narrow FWHM is vital for the chemical sensor design, as any shifts in wavelength or intensity are much more apparent and are a more sensitive parameter set if they mimic a single nanoparticle parameter set.
Chemical Exposure Studies
Carbon Monoxide
The exposure studies have started with the in-situ optical absorption studies of a 100nm thick Au(20at%)-YSZ film annealed to 700°C for 30 minutes and then exposed to 100ppm CO in nitrogen. As detailed in Figure 11 , the SPR peak shows an immediate (within our 8min time resolution) decrease in the red "tail" of the spectrum and a subsequent blue shift in the peak by approximately 25nm. We have had difficulty in achieving reproducible shifts in both the intensity and wavelength of the SPR band upon CO exposure, and these variations may be attributed to subtle differences in both the microstructure and composition of the nanocomposite films. Further studies are needed and will be completed during the DOE IC phase II part of the program to determine whether these signal variations are due to a change in the dielectric function of the material or are convoluted with a change in the chemical surroundings of the nanocomposite.
1-dodecane thiol
Previous studies by Van Duyne et al (ibid 5, 6) have shown that the binding of sulfur to gold or silver nanoparticles does not tend to affect the overall intensity of the SPR band, however it does tend to shift the peak either to the red or blue depending on the reductive or oxidative power of the newly added ligand. These studies were performed to provide the necessary benchmark for comparison to the work of Van Duyne on gold and silver nanoparticles exposed to thiol compounds of varying chain length (6 -12 methylene units long), prior to attempting to expose sulfur compounds at elevated temperatures to the nanocomposites. Their well-developed work has demonstrated a zepto-molar sensitivity to thiol and related compounds. The zepto-molar factor (10 -21 ) of Van Duyne arises from a mM liquid thiol sample exposed to Ag nanoparticles deposited on glass substrates, the exposed sample is rinsed thoroughly to remove any unbound thiol, and the number of molecules forming a monolayer of coverage is equivalent to approximately 60,000 molecules (or zepto-molar quantities). In summary, it was found that for alkane based thiol compounds the SPR band shifted to the red by 3nm/carbon unit, and it is predicted that sulfur atoms, with their lone pair of electrons, will shift the SPR band to the blue by 10nm.
Our initial work with sulfur related compounds began with a simple ex-situ exposure of an optimized 80nm thick Au 10at%/YSZ nanocomposite to an 8mM solution of 1-dodecane thiol dissolved in ethanol. The results from this experiment showed no discernible change in the SPR peak position. In order to achieve sensitivity to the thiol compounds, which for dodecane thiol are 6nm in length, we were required to tailor design the nanocomposite material. We deposited a thin nanocomposite film, 10nm, which had a 40 at.% Au/YSZ composition and annealed this film to 700°C. The film is very stable as a function of subsequent increases in temperature, up to 700°C. The resulting particle size and its corresponding distribution are quite large, 40 ± 30nm, and many of the particles are not spherical but are a variety of 3-D shapes, these characteristics cause the SPR band to be shifted to 600nm with a resulting FWHM of 170nm. However, upon exposure to the 8mM dodecane thiol solution and a subsequent thorough rinse with ethanol to remove excess thiol, the SPR band is shifted to the blue by 10nm, as shown in Figure 12 . At this point it is not understood why the SPR band is blue shifted and not red shifted, but it may be a result of the YSZ matrix being a participant in the binding of the sulfur compound, possibly breaking down the hydrocarbon chain, which causes the blue shift. Through a similar set of calculations and assumptions (packing density, monolayer formation, nanoparticle area available) as Van Duyne, we have been able to determine that our sensitivity towards dodecane thiol is on the order of 100,000 molecules, or atto-molar levels. These initial results are important as this demonstrates that a thermally stable Au/YSZ nanocomposite can provide very good sensitivity towards extremely low concentrations of hydrocarbon based thiol compounds.
The binding process is reversible, for just several exposure cycles, as the SPR peak shifts back to the starting position at 600nm upon heating the sample to 300°C, however at this point the sample does saturate after 3-4 cycles and the blue shifted SPR band is no longer reversible. Our current work is focussed on the continued optimization of the film structure and composition and further experiments to determine the reversibility properties of this film. We are also in the process of modifying the gas delivery system for H 2 S, SO 2 or hydrocarbon based thiols such that an in-situ exposure experiment can be performed at temperatures up to 900°C.
Hydrogen
We have tested the 80nm thick 10at. % Au/YSZ film as a function of both temperature and hydrogen concentration and have observed no change in the optical properties even at 900°C and 50% hydrogen and nitrogen gas mixtures. This is not surprising as hydrogen is not known to interact with gold nanoparticles. Therefore, we have tailor designed a palladium based YSZ nanocomposite film that is sensitive to hydrogen at elevated temperatures. While palladium nanoparticles do not have a SPR band, due to the d-d transition damping of the plasmon band, we are able to monitor the transmittance of these nanocomposite films. A 100nm thick 40at. % Pd/YSZ nanocomposite film was deposited on a sapphire substrate and then subsequently annealed to 900°C in an argon atmosphere. The film appears stable as a function of several thermal anneals, and more testing is in progress to determine the film stability.
Experiments were first completed on an experimental bench used for the development of hydrogen sensors for PEM based fuel cells. This bench uses a white light CW diode source coupled to a bifurcated optical fiber for the detection of transmission changes in Pd based films as a function of hydrogen concentration and temperature(up to 90°C). On this test bench we were able to measure an 8% signal increase upon exposure to 10% hydrogen in nitrogen. This experiment proved that the nanocomposite film, under ambient operating conditions produced a measurable signal change. Subsequent experiments were performed on the harsh environment testing bench at elevated temperatures, 300, 500, 700 and 900°C. No signal change was observed at temperatures below 500°C, however at both 700 and 900°C a 10% and 20%
decrease, respectively, in transmission occurs upon exposure to a gas mixture of 10% hydrogen in nitrogen. A transmission decrease is the result of the film becoming more reflective and thus, most probably, metallic in nature. Upon further investigation it became apparent that at these temperatures and pressures(1 atm) the hydrogen solubility in Pd is very low, and the sensing mechanism is not the result of PdH formation, which would have caused an increase in transmission.
Subsequently we hypothesized that the sensing mechanism could be the result of a PdO → Pd transition, with PdO being formed at elevated temperatures, via oxidation processes involving the low partial pressure of oxygen in the background gases of the flow cell. The PdO ↔ Pd reduction/oxidation process in the presence of both methane and oxygen at temperatures ranging from 600 to 1000°C has been well studied for the development of novel catalytic materials. 34 The interaction of either methane or hydrogen with PdO in the presence of oxygen leads to the rapid reduction of PdO to Pd, and subsequently the optical properties of the resulting film will be affected. PdO/YSZ films were formed by first co-sputtering 40 at% Pd in a 100nm thick YSZ film, followed by thermally assisted oxidation of the Pd for 9 hours at 650°C in dry, CO 2 free air.
XRD analysis of these films before and after the annealing process are shown in Figure 13 . It is readily apparent that the oxidation process is fairly complete (Pd/PdO ratio = 5%) with a resulting PdO (101) grain size of 4.7nm. SEM analysis of the surface microstructure prior to hydrogen exposure, as shown in Figure 14 , reveals a seemingly featureless surface. Gas exposure experiments were performed for 1, 2 and 2.4% hydrogen in air mixtures at 650°C and are displayed in Figure 15 . The inset of Figure 15 displays the signal change and response times at these hydrogen concentrations, with the response time being seemingly independent of the hydrogen concentration. These exposure experiments have now been performed for over 50 different exposure cycles over a 3 week time frame and the film response characteristics are still within the specified error limits for the average signal change and response times. After 20
cycles of hydrogen exposure we again analyzed the sample using both XRD and SEM, and determined that the grain size had increased to 10nm and the Pd/PdO ratio had increased to 7%.
An SEM micrograph of the 20 cycle exposed sample is displayed in Figure 16 and it is interesting to note that the PdO grains are now needle-like in structure, which would lead to a higher surface area available for reaction than if they were spheres. Further testing needs to be performed to determine the dynamics and kinetics of the PdO-YSZ nanocomposite sensing mechanism and how these coincide with the tailored material properties. However, these results are very promising as there are no other all-optical sensing techniques that are able to detect hydrogen at such elevated temperatures.
Educational Impacts
Dr. Carpenter has been actively involved in the UAlbany School of NanoSciences and NanoEngineering internship program aimed at exposing young students to high technology research programs and thus laying the seeds for a career in the sciences. During the summer of 
Conclusions
In summary the DOE UCR Innovative Concepts program phase I award has been utilized towards the development of an RF magnetron sputtering system that has been used to deposit high quality nanocomposite films comprised of Au and Pd nanoparticles within a YSZ matrix. A high temperature transmission gas cell has been designed and implemented for the in-situ 
